
 

 

 
Best  

Available  
Copy  

 



N 

6. 
O 

p 

i 

excel    <e search 
efer«nce:    0O65 2ioT««b€r IT, V&U 

'M cat innv Arsenal 
Dover, :J«w Jersey 

v COPY ZSjI OF   ->3-      ^»^ 

HARD COPY 

MICROFICHE 

Attention:    Procurenent and Production Directorate 
S«UPA - PBI 

JA. 

Subject: 

Cjntlemen: 

Contract No.   DA-ül4-200-AMC-J477  (A) 
Devvlopaent and   ;valuption'of a Lightweight 
Aluminua Üooeyeoab Case 
flontlily Progreas ?5eport "lo.  9 

Enclosed io the report describing the work done or. the  mabject 

contract  during the months of :>ept«mber and October, l^.     The report 

v/au prepared by the AdTanced  "tructures Oroup, Research IHvlsion, 

(excel Product« Inc., Berteley 10, California. 

Included as attacteents are  (1)    Statement of 'Ian :ioura  Kxpendel  - 

'CpteHber and October, 1961*,  (?) iJchedule shoving Current Prsgreas  - 

iepteaber and October, ly6^, and (3)    .ichedule sJoving rYogran of 

n uln«  Actiritlea - Hovember and Decemljer, lO^». 

Yours very truly. 

KCVtakv 

Attachwnts (3) 

K,  C.   Vicars 
'Research Pi rector 
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Haffereac«:    6065 
OOTxTACT JIO.  DA-O'j-aOO-Af^C-JintA) 

HKPORT OF PnOCPK?!? 

.IKPTKMlEK AND OCTOBER, V}6U 

Cmamt 0 «ad 10 v«r» fabrlcaWd aal tested durlnn the aoBtl» of 

saptanbar aad October, l'^Si«.    A tmmmrj of (Wal91 ehaniges and ta^t 

vaults la glTan balov. 

Dialan Hadifleatloiia 

1« Caac KIL-y-^77: The ewunt of the aoergy abaorptlon core 

vaa Increaaed fro» IT** to 21-1/?" along the length of the 

caaa. In addition, 16 loogitndloal slots wre cut oat of 

the core as shown in Figures 1 sad 3« 

As part of the work that coastitotad Case 9, several rings 

of hooeyconb «ere namfactured aad tested for the purpose of 

> determining the diswnslons of slots that would give the best 

iapact response for the entire ease«    Theee are shoe» in 

Figure 3, 

2.    Case HXUlO-^77:    The siae of the slots in the energy 

sfeeorption core ens increased slightly orer that of Case 9t ns 

shown in Plgure ?. 

In all other respectst Cases 9 sad 10 wsrs Identical vith Cnae 

HIL-a-i»77. 
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rt«xcel  F««««rch OOfrffiACT HO.   DÄ-0i*-?00-A.!C-^T7(A) 
Rvffcrsnc«: G065 

Motion plctir»e vwre taken to prorld« « rlsoal record of the 

enTlronatatal tests perforaed on Caeee 8 and 10#    The record includes 

pictures of the equivalent used and the condnct of the following tests; 

1.    Case MXL-ftJ»77 

a) teaperatere shock 

b) trensportatlon ▼!brat ion 

2m    Case HXL-10-J«77 

a) hydrostatic pressure 

b) iepact 

High speed (?00 fnuses/seeood) pictures were taken of the iepact 

tests to better ill net rate the crashing action of the honeycomb core. 

T—i Rseults 

I.    Hydroetatic Preseore Test; 

The pressure test wts not perfonssd on Ckse 9.    Oase i    vas 

ttrlee subjected to en external prsssure for a duration of fire (3) 

■lautes.    At the couplet loo of pressure cycles, the case was filled 

with spproxiaately one (1)  foot of voter.    By risual Inspection, 

it vaa detemlaed that the leaks were caused  ' y poor sealing at 

the electrical connector and the locking derice on the front cap. 

Design change    are being aade on Case 11 to correct these 

deficiencies. 
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uexc«l R«M«reh 30ÜTRACT HO.  DA-Oli-ZOO-AMC-VTTCA) 
Rrftraoe«: 6065 

Ttat result« of fnt* on C*»«t   6, 6«9 7 MK! 8 iadlcatad the 

DMd for design c «nip» to rednc« the pe/loed response to iapeet 

froe site drops.    In addition, the problem of pay-load ▼ibratloo 

within tht case stractare has nade It necesssry to clarify the 

nsthoda being ueed for data acquisition and snalysts. 

When the payload is decelerated    daring lapact, tto total 

acceleration consists of the son of the response to ths forcing 

function and the transient free vibration.    Hincc the payload-eas« 

systea is eontlmoos (as oppoasd to a lumped paraaater systan)« 

the free ribratlon ooaponent la conpoeed of an infinite    sequence 

of node rhapes nnd frequencieo.    This means that the total 

»icceleration experienced by the pnyload vill be different at every 

point even though the response to the  forcing function Is approsi- 

nately the    sona everyvhers. 

To cope witr, this situation, the project engineers at 

Plcatlnny Arsenal snd llexoel have agreed that the follovlag criteria 

vill be used in evaluatiag the case design: 

1. Tbr acceleration of the payload vill be meaßured at the 

nounting ring and at the free end of the pqyloaa (see 

Figure H). 

2. Th* case design vill be considered satisfactory vlth regsrd 

to  impact  response if the faired value of the acceleration-tiiae 

-3- 
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riexc«!  Heseftrch CONTRACT HO.   DA-üU-i?()0-AT-l»77(A) 
Pefepence: 6065 

relationship, measured  at tlie ooontlng rlnct   i5 ^*8S than the 

contract specification (27 g's laterally, '»0 g's axially). 

For sid# drops,    the arera^e peak value of the faired a-t curve 

(w asured at the Mounting ring) on Cases 6 tnrough 0 was 33*3 g*s. 

In an effort to reduce this value to 27 g's,   ir.pact tests were perforw.-d 

on several rings of honeyconb core as shown in figure 3«    Tests ou 

ring secants are simpler to perform and yield srre accurate raeorure- 

its than testa on the entire case.    The results of tests on the rin*s 

led to the conclusion that the acceleration response of the payload 

could be decreased by increasing the saount of core along the length nf 

the cylinder providing there was a Beans to reduce the crushing strentrtM 

of the hooeycoab at large deflections.    Drop te&ts on Caws Q and 10 

deaonstrated that this conclusion was correct. 

The reasoning behind this is as follows.    The best energy absorber 

(for this application)  would be one that absorbs energy   it a constant 

rate.     This requires a hooeyccaib configuration that crushes with a 

cooatant force, a coi dition that is difficult to achieve with the 

increasing area that results froa crushing a cylindrically shaped ob.lect. 

Without nodification, i.e. no slots, honeyeoab of this configuration 

yields a force-deflection curve where the force increases alnost 

linearly wiwh deflection until the total kinetic energy xs absorbed, 

lb approach the ideal aore closely,  an additional 10 lineal  inches of 

honeycoab were added to  the case.    The additional honeyconb increased 
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iiexcel  Rescirch 
Reference:  6065 

OOHTPÄCT »0.   DA-0i»-2OO-AMC-i»77(A) 

the total crushing force at small deflections, while the slots 

veaXen ti.t- core, resulting in a more nearly constant  force at larger 

deflections.    These relations are shown below in Figures a, b and c. 

9.30"          2.$» (RKF) 

13iru 
AREA 
PKR 

LDfeAL 
INCH 

/ 

c- 17 UX&M 
INCKBS OF   i/C 

27 LEKAL 
DICHRS OF ii/C 

•ITH SLfJTS 

FORCE 

6.60» 
SLOTS (16) 

DEFLBCTI^N      2.^ 

DKHOT IBSORFTIQN CGRE 

KIQUKE a. FIOUKE b. 

DEFLBCTI«   -2.1 

FIOUKB c. 

f 
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Hexeel Research OOHTRACT HO. DA-Oi4-200-A?<C-^77{A) 
Raference:  6065 

Cage HILW-^77t 

Typical results  for Oase 9 are shown  In Figures 5t 6, 7, ^ and 0. 

For all drop tests, the accelero«sters Mere counted vn  sbovn on 

Pigurs I*,    'Ilie acceleration response of the hooeyeoml ring shown in 

Tigarm 5 came closf- to yielding a constant foree-dsflection relation- 

ship than any of the other rings tested..    The unit loading of thin 

ring vas the equimlent of 27-1/? inches of honeycomb on the full- 

length case. 

Figure 6 shows the acceleration response for Case 9t drop 3  (<v-3)< 

Case 9 was  tested vlthont skin and end caps so that the payload resporvne 

could be BOS« easily correlated vith the impact tests on the honiycoab 

rings. 

Figure 7 shows the nrc«leretIon,velocity slid dlsplaeerasnt responses 

for both tne fixed and free ends of the payload during drop 9-3«       v e-.c 

were obtained by doable Integration of the  faired acceleratlon-tl'v; 

curve.    The force-deflection relationship at each end of the payload 

is obtained by eliaiaatiog the prvraaeter tit»? from the a-t relation- 

ship and the displaceaent-time relationship.    The force-deflection 

relationships for >-3 are shovn on Figure 8. 

Figure  9 is a cosiparison of rarious force-deflection relationohlps. 

The curre labeled "Parson's "ing" vas supposed to give the same 

rssponse as the ''Best Hing*4  (fron Figure 3)*    The difference in response 

was attributed to nanufactaring Turiations  in ths shape of the slotn. 



^'•Ä 

Also shown ara drop« 1 and 3 for Cm»m 9*    Oomplmtm r»»ults of the 

drop toats on CAM 9 am shown la Tab!« 1.    Ths «varafli paak rains 

of fairad a-t cunr«, asasarsd at the ■omitlog ring, vas 26.0 g's for 

k drops. 

"niera vsrs no end drops or adgs drops psrfomad on Case 9* 

Ths aeeslsroastsn vere aountsd as shown on Tlgare U, 

Side lapoos»    Ths average peak Tains (for 3 drop«) of the f»irsd 

a-t cunrs was 2&.k g*s at ths noanting ring and 2%U g*3 at the 

free and of the psyload. 

End Dropa;    Ths peak Tains of ths faired a-t  cnnre vas 2U.2 g*8t 

arerags for * drops. 

Hd^s  Drops;    One edgt drop was perfoneJ, yielding a naxiauii ralue 

of 16.5 c*s on falrsd a-t enrre. 

Ths nsults of all drops ars shown on Table 2. 

B: 

1. Stataaant of nsn hoars expanded daring 5aptaaber sad October, 

196*». 

2. Progrsa of aetintiea daring Saptenber and October, l9Ch. 

3. Projected «ehsdole of aetiritiss for nowember end Dsrember, 

196Ji. 
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WEIGHT 

SLOT 
(IC. AT   Z2.Ö*) 

'SECTIOKJ    O^ 
HVDieOSTAT 4C 

CVLIKJDEIS 

> 

EC LEASE 
WOOK 

DBQP   TEST    riXTügg. 
KJOT     TO    SCALE 

TO   OSCILLOSCOPE 

CABLE   TO 
05CILLQSCÜPE 

TCIGGCB 

COKE 
SPE.C<K^E.KJ 

(EKJEieBV APSLWPTIOM 
CVLIMDE-e) 

PIGURE:   3 

PROJECT     GOQ5 io/»3/G4 «gp. 
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1 

FIGURE 6 , ACCELERATION fflSSPOHSE 'OR CASE 9, FIAT DROP 3 

Upper Trace: Fixed End of Payload 
Cal ibra t ion - 17.7 g ' a / c n and 5 Esec/ca 

Lower Trace: Free End of Payload 
Cal ibra t ion - 1U.6 g*»/cm and 5 asec/ca 

PTQORE 5 , ACCELERATION RE:"POSSE OF HONEYCOMB RI1G 

Ver t ica l Ca l ib ra t ion : lfc.6 g ' s / c a 
Horizontal Ca l ib ra t ion : 5 maac/ca 

A 
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TABLE: 

t^E^ULTS     OP    DRO^     TIEIST S     C-QI?      CA.'Sl lO 

riKED     E.MD r^EE     EIOJD 

FLAT   DROP 
»   1 

FLAT   DROP 

PLAT    DBDP 

23.3 ^s 
4-4.3 3%S 

^MAXIMUM ^/ALU 

2S.5 

FLAT   DROPS 
AVERAGE. 

EKJD   DJ50P 

CTVJD oraop 

EKJD   DROPS 

AVEreAac 

EDGE 
DROP^ 

*  IE     FIGURE    A     FC^    LOCATIQM    OF    ACCEL.ECOK/SETEJS'ä. 

VALUES    OF    ACCELeRAT IOKJ      ÄßE ^     L'MITS 
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llmxoml  Re8««jrch COr/TRACT NO.  DA-Ok-^OO-AMC-kTTtA) 
<ef«r«nce:   60^5 

ATTAaihErrr NO. I 

STATBNKrr OF HAfJ HOURS LIPENDSD 

JEPTEMBBR AND OrTOBER, 1961« 

Hpin^erinR 

3«pt»mber October 

Senior ProfessioiMLl 71.0 66.0 
ProfesBiooal 233.0 138.0 

Teebnlclan 

Drafting, fabrieat<aoa 

and te'jtlng 7fl.5 30.0 

OtlMT 
aerlcal 1Ö.3 g.O 

■FTTAL HOURS SXFBIZBD UOI.O 236.0 
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